Difficulties or failure in airway management are still important factors in morbidity and mortality related to anesthesia and intensive care. A patent and secure airway is essential to manage anesthetized or critically ill patients. Oxygenation maintenance during tracheal intubation is the cornerstone of difficult airway management and is always emphasized in guidelines. The occurrence of respiratory adverse events has decreased in claims for injuries due to inadequate airway management mainly at induction of anesthesia. Nevertheless, claim reports emphasize that airway emergencies, tracheal extubation and/or recovery of anesthesia phases are still associated with death or brain damage, indicating that additional educational support and management strategies to improve patient safety are required. The present brief review analyses specific problems of airway management related to difficult tracheal intubation and to difficult mask ventilation prediction. The review will focus on basic airway management including preoxygenation, and on some oxygenation and tracheal intubation techniques that may be performed to solve a difficult airway.
Introduction
Difficulties or failure in airway management are still important factors in morbidity and mortality related to anesthesia [1] [2] [3] [4] . The occurrence of respiratory adverse events has decreased in claims for injuries due to inadequate ventilation and, to a lesser extent, for injuries due to esophageal intubation, as a result of better monitoring with pulse oxymetry and capnography use [1] . Difficult tracheal intubation (DTI), however, remains relatively constant among anesthesiarelated patient injuries, and is the third most common respiratory-related event leading to death and brain damage in the American Society of Anesthesiologists closed claims analysis [1] . Moreover, in contrast with other phases of anesthesia (intraoperative, tracheal extubation and recovery periods), induction of anesthesia is associated with a decreased incidence of claims arising from difficult airway management (DAM) during 1993-1999 compared with that during 1985-1992. These findings suggest the beneficial impact of difficult airway guidelines mainly focused on the preoperative period and the induction of anesthesia, and suggest the need for additional recommendations and strategies for DAM during maintenance of, emergence from and recovery from anesthesia [2, 3] . Moreover, emergency tracheal intubation in critically ill patients is associated with a significant frequency of major complications such as esophageal intubation, endobronchial intubation and aspiration [4] . Practice guidelines have been established to aid management of the difficult airway and to reduce poor outcomes, and several algorithms have been developed [5] [6] [7] [8] [9] . Maintenance of patient oxygenation is the cornerstone of DAM, and is highlighted in algorithms from these various airway management guidelines [5] [6] [7] [8] [9] . We shall therefore discuss specific problems of airway management related to DTI and to difficult mask ventilation (DMV) prediction. The present review will focus on basic airway management including preoxygenation, and some oxygenation and tracheal intubation techniques that may be performed to solve a difficult airway.
Prediction of difficult tracheal intubation
One component of many of these algorithms is the preoperative assessment and recognition of the difficult airway [5] [6] [7] [8] [9] . Prediction uses many factors associated with DTI, such as mouth opening, Mallampati classification, head and neck movement (atlanto-occipital joint assessment), receding mandible, protruding maxillary incisors (buck teeth), thyromental distance, sternomental distance, obesity and a previous history of difficult intubation [5] [6] [7] [8] [9] .
In a meta-analysis of bedside screening tests usually performed to predict DTI, a poor to moderate discriminative power was reported when any test was used alone [10] . Combinations of individual tests or risk factors add some incremental diagnostic value in comparison with the value of each test alone; the best combination was Mallampati classification and thyromental distance [10] . Predicting DTI could therefore be quite complex and perhaps even controversial [11] , but probably the most important benefit of DTI prediction is to anticipate a difficult airway.
The most dangerous situation in DAM, however, occurs when tracheal intubation is difficult or impossible and when mask ventilation is, or becomes, inadequate, thereby creating a cannot intubate and cannot ventilate (CICV) scenario. Indeed, the risk of difficult or impossible mask ventilation is increased after three unsuccessful tracheal intubation attempts [12] . We shall consequently focus on the recognition and management of difficult or impossible mask ventilation to avoid a CICV scenario.
Prediction of difficult mask ventilation
The incidence of DMV has been rarely assessed in studies related to airway management [3, [13] [14] [15] . Low rates of DMV have been reported in prospective studies by Asai and colleagues (1.4%) [3] , by Rose and Cohen (0.9%) [13] and by El-Ganzouri and colleagues (0.07%) [14] . In contrast, in a retrospective study of 2,000 incident reports during anesthesia, the incidence of DMV was 15% when intubation was difficult [15] . In most studies, DMV was not precisely defined [3, [13] [14] [15] . The difficulty of definition probably increases the difficulty of recognition.
The incidence and associated risk factors for DMV have been studied prospectively in a large general adult population, and a DMV incidence of 5% was reported [16] . Moreover, difficult intubation was more likely when DMV was present (30% in patients with DMV compared with 8% patients without associated DMV) [16] . Five features (age > 55 years, body mass index > 26 kg/m 2 , lack of teeth, presence of beard, history of snoring) were independent risk factors for DMV, and the presence of two of these criteria indicated, at best, a DMV [16] . Another work involving a study on a large sample population (14,369 patients) supports these results by confirming the DMV risk factors of the previous study except for the lack of teeth, and provides another risk factor in predicting DMV -limited mandibular protrusion [17] .
These stated risk factors were related to DMV for the following reasons. Obesity is associated with decreased posterior airway space behind the base of the tongue and impaired airway patency during sleep, and is a risk factor for obstructive sleep apnea syndrome [18] . Upper airway obstruction can occur after induction of general anesthesia with posterior displacement of the soft palate, the base of the tongue and the epiglottis. Attempts at inspiration during anesthesia cause collapse of the pharynx with obstruction at several sites, similar to obstructive sleep apnea [19] . In patients with unsuspected abnormal anatomy of the upper airway related to obstructive sleep apnea, DMV may occur during general anesthesia and tracheal intubation may also be difficult [20] . In obese patients and morbidly obese patients (body mass index > 30 kg/m 2 and > 40 kg/m 2 , respectively), the risk of oxygen desaturation at induction of anesthesia [21] and the risk of difficult intubation [22, 23] are increased. On the other hand, obesity alone could not predict DTI so easily, probably because the body mass index is not an independent risk factor for DTI [22, 24] . These patients, however, are definitely at high risk for oxygen desaturation and should be considered in this manner to anticipate DAM [16, 17, [22] [23] [24] [25] . Age is closely related to increased pharyngeal resistance to airflow (from choanae to epiglottis) in men but not in women [26] , supporting the predominance of obstructive sleep apnea in men. Finally, progressive difficulty in ventilating via a mask can develop because of persistent and prolonged failed intubation attempts [12] . An unexpected difficult airway caused by lingual tonsillar hyperplasia may occur in an asymptomatic patient [27] , and could even lead to the death of the patient [28] . Because of the serious consequences of unsuspected CICV, such as in patients in which attempts to intubate the trachea failed and mask ventilation becomes difficult, urgent oxygenation is mandatory and is supported by guidelines [5] [6] [7] [8] [9] .
Basic airway management
While preparations for airway control are made, basic maneuvers are implemented: preoxygenation techniques, including relief of airway obstruction by chin lift and jaw thrust, and insertion of a nasal airway or an oral airway. Bag mask ventilation with the use of an oropharyngeal or nasopharyngeal airway can be a difficult skill to master, best performed by two individuals with a more efficient mask seal and jaw thrust, but it can easily inflate the stomach [29] . Moreover, techniques that use one hand to squeeze the bag give significantly smaller tidal volumes than two-handed techniques, with no significant difference in peak airway pressure or average airway pressure [29] . The second component of optimal mask ventilation is the use of large oral or nasal pharyngeal airways. Finally, ventilation-pressurecontrolled mask ventilation reduced the inspiratory peak flow rates and airway pressures in comparison with the manual circle system with bag-valve-mask ventilation devices, providing additional patient safety by decreasing the risk of regurgitation and subsequent pulmonary aspiration [30] .
Preoxygenation is a prerequisite for endotracheal intubation in any patient. Preoxygenation in a patient with an anticipated difficult airway provides the maximum length of time for which a patient can tolerate apnea and provides time for the anesthesia provider to solve a DAM issue [31] . One of the usual preoxygenation techniques, such as tidal breathing of 100% oxygen for 3-5 minutes, is recommended and is effective in delaying arterial desaturation during a tracheal intubation procedure [31, 32] . Various preoxygenation techniques have been advocated before induction of anesthesia, including tidal volume breathing of 100% oxygen for 3-5 minutes, four deep vital capacity breaths of oxygen taken within 30 seconds or eight deep vital capacity breaths of oxygen taken within 60 seconds [32] [33] [34] . Comparisons of these different preoxygenation techniques have often been conflicting, because of the various regimens of preoxygenation depending on the oxygen flow and the type of anesthetic system, and because of various endpoints such as the maximum arterial oxygen tension, the maximum end-tidal oxygen fraction and the time taken for hemoglobin to desaturate [31] [32] [33] [34] . Nevertheless, the time to desaturation is more directly related to the available body stores for oxygen than the maximum arterial oxygen tension, suggesting the former is a more suitable endpoint for preoxygenation studies [31] [32] [33] .
Preoxygenation is also essential for critically ill patients, but the usual preoxygenation technique appeared marginally effective in these patients regarding minimal improvement in the blood oxygen tension, as a surrogate marker of effective preoxygenation [12] . Preoxygenation in hypoxemic patients using noninvasive ventilation, with a pressure support mode adjusted to obtain an expired tidal volume of 7-10 ml/kg with a positive end-expiratory pressure level of 5 cmH 2 O during 3 minutes, was recently reported in a prospective randomized study to be significantly more effective at reducing arterial oxygen desaturation during tracheal intubation than the usual method [35] . Finally, the preoxygenation efficiency in morbidly obese patients may be improved by a 25° head-up position. This position achieves better gas exchange by reducing atelectasis and reducing ventilation/perfusion mismatch related to a less reduced functional residual capacity, and increases the desaturation safety period (time to reach an oxygen saturation of 92%: 201 ± 56 s and 155 ± 70 s in a 25° head-up position and a supine position, respectively) [36] . When the positive end-expiratory pressure (+10 cmH 2 O) was applied during anesthesia induction, a greater safety margin to control the airway in morbidly obese patients was observed in comparison with induction without the positive end-expiratory pressure, increasing the nonhypoxic apnea duration [37] .
At this stage, it is important to distinguish the two main clinical situations of DAM: anticipated DTI and unanticipated DTI ( Table 1) . Some issues are raised as regards anticipated DTI -is mask ventilation anticipated to be difficult?, how can one maintain the patient's oxygenation? (consider using an intubating laryngeal mask airway (ILMA) or a laryngeal mask, or invasive airway access) and, finally, at induction of anesthesia, should we preserve spontaneous ventilation or is apnea possible? After considering these points, awake or general anesthesia intubation techniques could be decided depending upon the answers to the previous issues (Table 1) .
Unanticipated DTI could occur in various clinical settings, and a predefined algorithm should be used to minimize improvisation, considering oxygenation as the main goal of the DAM (Table 1 ). In a recent study during scheduled surgery, for example, a predefined algorithm -including the gum elastic bougie and the ILMA as the first and second steps, respectively, of DAM -was prospectively validated and reported to be effective in solving most problems occurring during unexpected DAM [38] . Many guidelines with algorithms were developed and proposed to solve DAM, but maintenance of the patient's oxygenation is the cornerstone of all of these recommendations [5] [6] [7] [8] [9] .
Finally, the CICV scenario often results from an inappropriate airway management with repeated unsuccessful and traumatic tracheal intubation attempts. This should be prevented by changing the operator and/or the technique of tracheal intubation, reminding the operator of the possibility to wake the patient if there is no life-threatening situation. The CICV scenario is consequently the one that should be predicted and managed with a predefined strategy or with algorithms [5] [6] [7] [8] [9] . In contrast, when a CICV situation is encountered, the effective recommendations are to implement oxygenation techniques [5] [6] [7] [8] [9] .
Advanced airway management
The fiberoptic intubation technique Fiberoptic intubation (FOI) is a well-documented technique in a patient with an anticipated difficult airway. Guidelines on anticipated DAM [5, 6, 9] emphasize the importance of the FOI technique when a difficult airway is predicted. Awake intubation then has to be considered to maintain oxygenation of the patient, and the FOI technique remains a 'gold standard' for this scenario. The FOI technique may be used for both oral and nasal approaches to the larynx. The FOI is an interesting technique because of the minimal cervical movement required to achieve DTI in cervical spine disease or trauma, enabling a postintubation neurologic assessment in cooperative patients when an awake tracheal intubation technique is performed [39] . The FOI technique has an important role in the management of patients who present a small interincisor distance or ear, nose and throat cancer. The acquisition of skills in this technique is an essential part of anesthetic training [5, 9] .
In contrast, oxygenation is the very first priority in an unanticipated difficult airway. The use of oxygenation devices is therefore mandatory initially, and the FOI may be considered a second-line technique when oxygenation is already ensured [5] [6] [7] [8] [9] .
The laryngeal mask and the intubating laryngeal mask
The laryngeal mask airway (LMA) represents a major advance in airway management and has been incorporated into difficult airway algorithms [5] [6] [7] [8] [9] 40] . The LMA allows ventilation and oxygenation, although it does not completely protect against aspiration. The ILMA is a device specifically designed to allow effective ventilation and to act as a guide for blind intubation in patients with normal and abnormal airways [41] . The ILMA has several potential advantages compared with the LMA, to overcome difficulties in intubation with the LMA [41] . The efficacy of the ILMA for ventilation and blind intubation has been reported in emergency patients with normal airways, and its use could be learnt quickly [42] . The ILMA has been used successfully in patients with difficult airways [38, 41, 43, 44] and in obese patients [45] . Moreover, a comparably high success rate for tracheal intubation was observed with the ILMA in comparison with the fiberscope technique, but the ILMA was found to be associated with less adverse events than the fiberscope -in particular, oxygen desaturation [44] . The ILMA is consequently a valuable tool in the CICV scenario or in an unanticipated DTI patient to maintain oxygenation, and the impact of the device is emphasized in algorithms and guidelines from many anesthetic societies [5] [6] [7] [8] [9] .
Cricothyroidotomy
When the airway is compromised and attempts at intubation have failed, cricothyroidotomy should be considered. This technique involves different methods, including surgical cutdown to the cricothyroid membrane and insertion of an appropriately sized tracheal tube. The technique allows effective ventilation and overcomes the limitations of percutaneous transtracheal needle ventilation. Several cricothyroidotomy kits are available. Possible complications such as intratracheal bleeding, pneumothorax, pneumomediastinum or esophageal puncture are reduced if the Seldinger technique is used, in contrast to direct puncture [5] .
Transtracheal jet ventilation
Percutaneous transtracheal jet ventilation can allow effective ventilation and oxygenation of the lungs by a transtracheal route. The technique involves percutaneous puncture of the cricothyroid membrane and passing a large-bore intravenous catheter into the trachea. This technique may be performed with various devices such as a venous or arterial catheter, or a specific needle like the Ravussin needle (CHUV ® catheter), and requires a jet injector powered by regulated oxygen source. This technique has to be incorporated into DAM, and, like cricothyroidotomy, may solve a glottic or subglottic problem such as a tumor, an abscess or a hematoma [5] [6] [7] [8] [9] .
Conclusion
A patent and secure airway is essential to manage anesthetized or critically ill patients. Whatever the clinical setting (that is, scheduled surgery or emergency airway management), oxygenation maintenance during tracheal intubation is the cornerstone of DAM and is always highlighted in algorithms and guidelines. The occurrence of respiratory adverse events has decreased in claims for injuries due to inadequate ventilation mainly at the induction of anesthesia, but claim reports emphasize that airway emergencies or tracheal extubation and recovery of anesthesia phases are still associated with death or brain damage, indicating that additional educational support and management strategies to improve safety patient are required.
Management of anticipated difficult airways has to consider several points, including the anesthesia technique with maintenance or not of spontaneous ventilation, the available oxygenation technique in the case of anticipated DMV, and the appropriate tracheal intubation technique according to the patient status and the clinical setting. In an unexpected difficult airway, the very first priority is oxygenation and a predefined strategy or algorithm has to be implemented. Finally, the last step of DAM is tracheal extubation requiring a strategy depending, in part, on the condition of the patient and on the surgery, the skills and the preference of the medical team.
